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PetroleumAbstract To isolate fungal communities from coastal areas of the Red Sea in Saudi Arabia and
identify and classify them by molecular techniques. Samples were collected from the seaside of
the Red Sea in Jeddah, Saudi Arabia during March 2012 and stored in sterile screw cap bottles
for further analysis. Phenotypic and genotypic characterization of fungal isolates were done using
standard techniques. Eight fungal genera including Aspergillus, Penicillium, Thielavia, Fusarium,
Emericella, Cladosporium, Scytalidium and Alternaria. Most isolated fungi showed significant
growth on petroleum media and were thus considered capable of biodegradation of crude oil based
substances. The fungal genera isolated from the Red Sea had 97–100% similarity with the related
fungi recorded in the GenBank in which they were deposited. The morphological and molecular
structure of these marine fungal isolates closely resembles their terrestrial counterparts in the Gen-
Bank. The capabilities of these fungal species to utilize petroleum as a source of carbon speaks to
future applications in which marine fungi may be utilized in the breakdown of petroleum-based
waste in an ecologically efficient manner.
 2016 University of Bahrain. Publishing services by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Fungi are fundamental organisms in our ecological systems
and will be found anywhere where the environment will sup-
port their growth, both on land and in water (Pang and
Mitchell Julian, 2005). However, our understanding of fungal
diversity particularly in marine environment is still scarce com-
pared to our knowledge of bacteria and viruses in such envi-
ronments. Most of the information that we have is based on
research that was done in the laboratory, for this reason a
selective group of very few fungal genera are being studied rig-
orously (Anderson and Cairney, 2004). In recent years, therehas been a growing interest in the enormous biodiversity of
marine fungal communities, their significant contribution to
the production of useful bioactive compounds and their contri-
bution to equilibrium within marine environments (Antunes
et al., 2011; Masuma et al., 2001).
Fungal communities exist and thrive in the sea. It had long
been assumed that bacteria are the most prevalent saprophytic
species in marine environments and the largest contributors to
organic matter decomposing, however many fungi also play
major roles in such environments. Aquatic Fungi may thrive
as obligate marine species (that grow and sporulate exclusively
and permanently in seawater) or as facultative marine fungi
(those that grow in freshwater milieu as well as seawater). Ter-
restrial fungi can also grow within marine environments when
conditions are suitable (Hyde et al., 1998; Jones and Pang,l of the
2 S.S. Alwakeel2012). Earlier studies on marine fungi in the Red Sea and other
briny bodies of water have recognized the prevalence of the
following fungal species: Ascomycota, Basidiomycota and
mitosporic fungi (Simo˜es et al., 2015). Other studies also found
Candida, Cryptococcus, Debaryomyces and Rhodotorula preva-
lent in seawater (Abd-Elaah, 1998). It has been confirmed that
the extreme conditions conferred by the environment of the
Red Sea and other similarly hostile environments such as the
black sea have enabled eukaryotes especially fungi to substan-
tially evolve and develop stress-resistant mechanisms to cope
with their new ecological niches (Wang et al., 2014). Fungal
communities in the Red Sea studies also revealed the presence
of terrestrial fungal species including Aspergillus sp., Penicil-
lium sp. and Fusarium, Neurospora and Rhizopus (Abd-
Elaah, 1998; Basem et al., 2012). We conducted a similar study
(published in 2013) to quantify and classify the terrestrial fun-
gal species off the coast of Jeddah, Saudi Arabia and found
that Aspergillus and Penicillium were to most common terres-
trial species in the isolated from the region (Alwakeel, 2013).
Interestingly, terrestrial fungi such as Aspergillus have been
shown to make many adaptations when exposed to hypersaline
environments such as seawater. Aspergillus had been shown to
produce antimicrobial alkaloids that limit hyphal growth when
exposed to saltwater (Masuma et al., 2001). The marine-
derived fungus Curvularia has also been reported to produce
a novel antimicrobial alkaloid when exposed to the correct
environmental pressures (Yang et al., 2016). Such observations
contribute to the growing role of marine fungi in aquatic envi-
ronments as not only saprophytic organisms but as possible
contributors to reduced pollution and maintainers/regulators
of prokaryotic populations in the sea (Wang et al., 2014). A
growing body of research had found that soil fungi species
are capable of breaking down kerosene at various concentra-
tions and utilizing it as a source of carbon but very few studies
had examined this capacity in marine fungi (Simister et al.,
2015).
The Kingdom of Saudi Arabia relies heavily on the desalin-
ization of seawater as a source of drinking water through
desalination plantations located in most of the coastal regions
of the kingdom. Because of this, there is a need to determine
and maintain high standards when it comes to the safety of
using seawater for drinking purposes. Although there is much
contact with the organisms from seawater in the waters of the
Red Sea, very few studies had attempted to classify and char-
acterize Red Sea fungal species and the chemical nature of
their metabolites. Hence the aim of this study to identify, both
morphologically and molecularly, the fungal species occurring
in the Red Sea coastal areas of Jeddah, Saudi Arabia in an
effort to contribute to the taxidermy of fungi in the region
and to identify the capacity of these isolates as petroleum
biodegraders.
2. Methods
2.1. Sampling technique
Seventy-seven samples consisting of seawater and sand were
collected from the seaside area of Masturah (latitude:
235031.4600 N/longitude: 38 49017.5200 E) near Jeddah, Saudi
Arabia in March 2012. Each sample consisted of both water
and sandy soil. Samples were collected in sterile 300 ml screwPlease cite this article in press as: Alwakeel, S.S. Molecular identification of fungi i
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the Red Sea. The region in question is port for small boats
as well as a known fishing area. In order to obtain a represen-
tative sample, we collected samples from different depths. In
areas near the shoreline where the water was shallow, samples
were collected by manually filling the bottles with sand and
seawater. In deeper areas, the bottles were lowered into the
sea to acquire the samples. Collected samples were stored in
a refrigerator until they were processed no longer than 24 h
later.
2.2. Fungal isolation
2.2.1. Sand components of the samples
Ten grams of each sand sample was diluted in 90 ml of sterile
distilled water. 0.5 of this suspension was spread, in triplicates,
on glucose-Czapek’s agar (for isolation and enumeration pur-
poses) and petroleum oil-Czapek’s agar for assessment of fun-
gal biodegradation capacities (see below). The plates were
incubated for at 28 C and colony growth was observed 3–
4 days later. The complete incubation period was 7 days. As
soon as colonies appeared, they were transferred to test tubes
containing Sabouraud agar media diluted in sterile sea water in
order to confirm the colony’s purity and maintain the osmolal-
ity. Colonies were thus sub-cultured in glass tubes. Colonies
were identified phenotypically based macroscopic and micro-
scopic appearance.
2.2.2. Seawater potion of the sample
Ten milliliters of each sample were diluted in 90 ml of sterile
distilled water to obtain a dilution of 1/10 M. one milliliter
of the previously prepared 1/10 M dilution was further diluted
in 9 ml of sterile distilled water to achieve a dilution of
1/100 M. One milliliter of each of the prepared 1/100 M dilu-
tions was spread on Sabouraud agar plates and incubated at
28 C for 7 days. Three replicas were made for each dilution.
Fungal colonies were later counted and identified
morphologically.
2.3. Petroleum (i.e. crude oil) Biodegradation Potential
In order to determine the ability of the fungi within the sam-
ples to utilize crude oil as carbon source we used a special
preparation of the Czapek Dox Broth with a modification.
The Czapek media is composed of 30 g/L of sucrose as a car-
bon source. Instead of using sucrose we used 10 ml/L of petro-
leum to thus prepare petroleum oil-Czapek’s agar. In order to
maintain the osmolality of the environment from which the
samples were obtained, sterilized salt water was added to the
mixture. The samples were then incubated at 28 C for 7 days.
Fungal mycelia extension on the plate (i.e. colony diameter) as
well as colony numbers after 7 days were assessed and used to
express an isolate’s ability to utilize petroleum as a source of
carbon.
2.4. Phenotypic characterization
All isolates grew equally well on Czapek’s dextrose agar plates
at 28 C. Most colonies grew up to 3–4 cm in diameter after
48 h of incubation. According to their growth characteristicssolated from coastal regions of Red Sea, Jeddah, Saudi Arabia. Journal of the
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Table 1 Fungal isolates total colonies, frequency per whole
sample and percentage of growth on petroleum oil-Czapek’s
agar.
Fungal isolate Total colonies
(CFU) on
Petroleum
Frequency Frequency
%
Alternaria alternata 1 1 2.33
A. flavus 26 14 32.56
A. fumigatus 5 1 2.33
A. niger 14 11 25.58
A. ochraceus 2 1 2.33
A. sydowii 2 1 2.33
A. terreus 26 8 18.60
P. chrysogenum 45 2 4.65
P. oxalicum 2 1 2.33
P. rugulosum 1 1 2.33
Scopulariopsis brumptii 1 1 2.33
Ulocladium atrum 1 1 2.33
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selected at random for further characterization and genetic
identification.
2.5. Genotypic sequencing identification of fungal isolates
A small amount of fungal growths was scraped and suspended
in 100 ll sterile distilled water in 2 ml sterile vials and boiled at
100 C for 15 min. Fungal DNA was extracted and isolated
using SolGent purification bead. The ribosomal rRNA gene
was amplified using universal fungal primers: internal tran-
scribed spacer 1 (ITS1: 50-TCC GTA GGT GAA CCT GCG
G-30), and internal transcribed spacer 4 (ITS4: 50-TCC TCC
GCT TAT TGA TAT GC-30). The PCR reaction mixture
was prepared using Solgent EF-Taq as follows: 10 EF-Taq
buffer 2.5 ll, 10 mM dNTP (T) 0.5 ll, primer (Forward-
10 pmol) 1.0 ll, primer (Reverse-10 pmol) 1.0 ll, EF-Taq poly-
merase (2.5 U) 0.25 ll, DNA template 1.0 ll, Distilled Water
(up to 25 ll). Then the amplification was carried out in a ther-
mal cycler under the following conditions: one round of denat-
uration at 95 C for 15 s followed by 30 cycles of denaturation
at 95 C for 20 s, annealing at 50 C for 40 s and extension at
72 C for 1 min, with a final extension step at 72 C for 5 min.
The PCR products were then purified with the SolGent PCR
Purification Kit-Ultra (SolGent, Daejeon, South Korea). By
running the products in a 1% agarose gel by electrophoresis,
molecular sizes of the purified PCR products were identified.
Then these bands were eluted and sequenced with the incorpo-
ration of dideoxynucleotides (dd NTPs) in the reaction mix-
ture. Each sample was sequenced in the sense and antisense
directions using ITS1 and ITS4 primers to ensure the accuracy
of the nucleotide sequences. The ITS sequences obtained were
further analyzed using BLAST search program from the
National Center of Biotechnology Information (NCBI) web-
site to find identical species in the GenBank. The methodol-
ogy described closely resembles methods of rapid fungal
species identification described by Turenne et al. (Turenne
et al., 1999). Phylogenetic data described below were obtained
by alignment and phylogenetic analysis of the fungal
sequences. The nucleotide sequences were aligned by using
the MegAlign. Constructing the phylogenic tree was done
via neighbor-joining analysis (Saitou and Nei, 1987) the
DNASTAR computer program (Version 5.05. DNASTAR.
Madison, WI).
3. Results and discussion
Of the 77 samples inoculated on petroleum oil-Czapek’s agar
pates, 34 yielded no fungal growth after incubation and 43
samples grew fungi. Table 1 shows the total colony counts, fre-
quencies and percentages of genera and species that grew on
the petroleum oil-Czapek’s agar. Of all the isolates, Penicillium
chrysogenum produced the greatest number of colonies per
plate (a total colony count of 45 CFU) thus displaying the
greatest capacity to break down petroleum. However,
P. chrysogenum was only found in 2 samples. The most
prevalent species to grow on petroleum oil-Czapek’s media
was Aspergillus flavus which grew on a total of 14 samples of
the total 43 samples examined, followed by Aspergillus niger
(found in 11 samples) then Aspergillus terreus (found in 8
samples).Please cite this article in press as: Alwakeel, S.S. Molecular identification of fungi i
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fungal genera (totaling to 14 fungal species), which later under-
went molecular analysis. These include the following fungal
genera and species:
(1) Aspergillus – 5 species (caespitosus, fumigatus, ochraceus,
sydowii and terreus)
(2) Penicillium – 3 species (chrysogenum – 2 isolates, citri-
num, oxalicum)
(3) Thielavia hyalocarpa
(4) Fusarium thapsinum (Teleomorph: Gibberella thapsina)
(5) Emericella nidulans (4 isolates)
(6) Cladosporium cladosporioides
(7) Scytalidium hyalinum
(8) Alternaria brassicae
The amplified fungal sequences were used as BLAST
queries against the NCBI database. Table 2 shows the fungi
isolated from the Red Sea compared with closely related fungi
in the GenBank. Most of the fungi we isolated had 97–99%
similarity with the related fungi recorded in the bank. Nucleo-
tide sequences of the ITS1 region of 18s rRNA genes of iso-
lated fungal species were deposited in GenBank database
under accession numbers listed in Table 2 below.
Fig. 1 shows the phylogenetic tree of the fungal species that
were isolated from Red Sea water sediments. The sequences of
the PCR amplicons were found to be 97–100% similar to the
sequences of 18S rRNA regions of the respective genera and
species of closely related fungi documented in the GenBank.
These finding allow us to infer homology from the degree of
similarity found between our isolated and those within the
GenBank database, which we concluded, were very similar.
The aim of this study was to identify, both macroscopically
and molecularly, the most prevalent fungal species in the Jed-
dah Red Sea coast and to assess the capacity of these species to
grow on media inoculated with petroleum thus establishing
whether or not fungi can utilize crude oil as a source of energy.
Recent oil spills in bodies of water such as the Gulf of
Mexico raise concerns over the possibility of utilizing
naturally occurring organisms in the biodegradation and
biomediation of such waste products. We have thus embarkedsolated from coastal regions of Red Sea, Jeddah, Saudi Arabia. Journal of the
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Table 2 Identification of fungal isolates recovered from Red Sea’s coast in Jeddah, Saudi Arabia the by sequencing of internal
transcribed spacer 1 and 4 (ITS1 and ITS 4) and region of rRNA gene compared with sequences listed in the GenBank for similar
species.
Fungi isolated from the Red Sea Fungal gene bank Similarity (%)
AUMC No. Fungi No. of nucleotides Accession No.
in Bank
Fungi
With ITS1
primer
With ITS4
primer
7851 Aspergillus fumigatus 570 569 EF669931 Aspergillus fumigatus 99
7853 Aspergillus ochraceus 562 559 AY373856 Aspergillus ochraceus 99
7854 Aspergillus sydowii 546 539 AY373866 Aspergillus sydowii 99
7855 Aspergillus terreus 584 581 EF669586 Aspergillus terreus 99
7875 Cladosporium cladosporioides 527 523 EU622927 Cladosporium cladosporioides 99
7858 Emericella nidulans 545 539 AY373888 Emericella nidulans 97
7858 Emericella nidulans 545 539 HQ285615 Emericella nidulans 97
7858 Emericella nidulans 545 539 JQ425379 Emericella nidulans 97
7864 Penicillium chrysogenum 560 558 AY213669 Penicillium chrysogenum 99
7865 Penicillium citrinum 528 525 AF033422 Penicillium citrinum 99
7868 Penicillium chrysogenum 557 557 AY213669 Penicillium chrysogenum 99
7871 Thielavia hyalocarpa 542 542 AB470856 Thielavia hyalocarpa 99
8890 Fusarium thapsinum 532 531 GU257899 Fusarium thapsinum 99
8891 Penicillium oxalicum 550 563 JQ647900 Penicillium oxalicum 99
8892 Emericella nidulans 543 541 AY373888 Emericella nidulans 97
8893 Aspergillus caespitosus 545 541 EF652428 Aspergillus caespitosus 99
8894 Scytalidium hyalinum 555 550 AY213688 Scytalidium hyalinum 99
88895 Alternaria brassicae 547 542 JN108909 Alternaria brassicae 99
Figure 1 Phylogenetic tree for fungal species isolated from Red
Sea water sediments (given the AUMCNumbers), P = Penicillium
and C = Cladosporium. The scale indicates the number of
nucleotide substitutions per site. Reference type strains of corre-
sponding fungi are involved in the tree (given CBS, ATCC, JN,
JQ, HQ, GU, NRRL numbers).
4 S.S. Alwakeelon investigating the marine biodiversity in Saudi coast of the
Red Sea and assessing their capabilities of growth on media
that contains petroleum in an effort to mimic a crude oil spill
in a body of saltwater. In this study, we identified several fun-
gal communities from the sand and seawater in the Red Sea
coastline in Jeddah, Saudi Arabia. Fungal isolates included
Aspergillus, Penicillium and fusarium genera among many
others. Such species have been reported previously as both ter-
restrial and facultative marine fungi in the literature (AntunesPlease cite this article in press as: Alwakeel, S.S. Molecular identification of fungi i
Association of Arab Universities for Basic and Applied Sciences (2016), http://dx.det al., 2011; Pecoraro et al., 2015). Many studies in the field
have aimed to isolate fungi from floating debris and mangrove
thus yielding species such as Swampomyces triseptatus which
readily grow on plants and driftwood but may be harder to
come by when isolating samples of seawater and sand
(Abdel-Wahab et al., 2014). The ability of the fungal isolates
found, particularly Aspergillus, to survive within hypersaline
environments indicates its high resilience and ability to adapt
(Kis-Papo et al., 2003).
Comparison of the fungal isolates with those within the
GenBank has revealed a high degree of homology between
those within the bank. This indicates that similar terrestrial
isolates are known to exist and that a small degree of evolution
had occurred in the species in order to promote their survival.
This degree of homology with previous isolates also indicates
that the fungal species have not been exposed to factors, envi-
ronmental or otherwise that would promote further genetic
diversity i.e. what has been frequently referred to as concerted
evolution (Ganley and Kobayashi, 2007). Similar species to the
ones isolated have been reportedly found in isolates from other
briny bodies of water in the area, such as the Mediterranean
and the Dead Sea (Kis-Papo et al., 2003; Pecoraro et al.,
2015). The overall capacity of phylogenetically closely-related
fungal species to utilize petroleum as a source of energy is fur-
ther evidence that these species had and continue to be exposed
to petroleum and have thus developed the evolutionary means
by which to degrade it and utilize it.
The capacity of growth on petroleum media displayed by A.
flavus and A. sydowii confirm the concerns of possibly utilizing
these fungi as agents of biodegradation or biomediation. Such
biological capacities should be further investigated in order to
find the exact biochemical pathway involved in crude oil
degradation for future environmental and industrial
applications.solated from coastal regions of Red Sea, Jeddah, Saudi Arabia. Journal of the
oi.org/10.1016/j.jaubas.2016.10.001
Molecular identification of fungi isolated from coastal regions of Red Sea 54. Conclusion
In conclusion, we are just beginning to understand the diver-
sity of Marine fungal species of the Red Sea as an ecological
entity. We have found various species of fungi that resemble
both morphologically and molecularly their terrestrial counter-
parts. Many of the isolates showed good growth potential on
media containing crude oil thus demonstrating their capacity
as possible naturally occurring biodegrading agents. Further
studies are needed to elucidate the exact mechanisms by which
these fungi break down petroleum.
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